Homeobox genes, such as the Hox, Parahox and Nkx genes, are examples of conserved developmental regulatory genes. They are arranged into clusters that have been conserved over hundreds of millions of years of animal evolution [1] [2] [3] . Ancient clustering has also been suggested for the Wnt genes [4] but not for other transcription factor genes. Here, we focus on the evolution of Fox genes, which encode winged helix transcription factors with roles in metabolism, development and disease [5, 6] . We demonstrate that four genes encoding Fox transcription factors are linked in insects and chordates and were most likely arranged into a gene cluster in basal bilaterians. These genes also show conserved expression in developing endo-mesodermal tissues.
Over 40 Fox genes have been annotated in the human genome, however most of them are dispersed [5, 6] . Two exceptions are found at the chromosomal locations 16q24.3 and 6p25. At the former FOXL1, FOXC1 and FOXF2 are found within 70 kb, while at the latter FOXC2, FOXF1 and FOXQ1 are found within 325 kb (see Supplemental Data published with this article online; [6] [6, 7] . Our analyses also identified distinct FoxL1 genes in insects and echinoderms, and FoxF and FoxC genes in a lophotrochozoan, the flatworm Schmidtea mediterranea ( Figure 1 ; also see Supplemental Data). We examined the positions of these genes in the genomes that have been subject to whole-genome sequencing and assembly. In the urochordate Ciona intestinalis, the three genes are on separate genome scaffolds and thus do not appear to be closely linked.
In Caenorhabditis elegans, only FoxF has been identified. In drosophilid genomes, all three genes are on the same chromosome, but separated by several megabases. In the mosquito Anopheles gambiae, we found close linkage between FoxC and FoxF, with approximately 45 kb separating these two genes, with FoxL1 some 14 Mb distant. In the honeybee Apis melifera, we found FoxF, FoxC and FoxL1 within approximately 140 kb.
These observations show that FoxF, FoxC and FoxL1 evolved as distinct genes before the radiation of the bilaterian phyla, as they are found in both protostomes and deuterostomes. The linkage of FoxQ1, FoxF, FoxC and FoxL1 in amphioxus, FoxF and FoxC in mosquito and FoxF, FoxC and FoxL1 in honeybee further indicates that the clustered organization was the ancestral state of these genes, and thus most likely evolved prior to the radiation of the bilaterians ( Figure 1A ). FoxQ1 appears to be missing in insects, but is found throughout the chordates and is well separated in phylogenetic trees from other Fox genes ( [7] ; Supplemental Data). This indicates FoxQ1 evolved before the deuterostome and protostome split and has subsequently been lost in the protostomes. Gene expression has previously provided important insight into the nature of selective forces acting on gene clusters [1] and amphioxus has proven useful for identifying the primitive role of developmental genes [9] . Consequently, we compared the expression of FoxL1, FoxC, FoxF and FoxQ1 in amphioxus embryos [10] . Our results show that all four genes are activated sequentially in the developing endo-mesoderm ( Figure 1B ). FoxL1 and FoxC are activated in the mesoderm of the early neurula, and later come to mark different dorsal mesoderm compartments. FoxF is activated at the end of neurulation, and marks the ventral mesoderm. FoxQ1 is activated later still in the developing endoderm [10] .
These data highlight co-ordinated endo-mesodermal expression as a potential selective force for maintaining Fox gene clustering. This is supported by functional studies in vertebrates and Drosophila, in which manipulation of FoxF, FoxC, FoxL1 and FoxQ1 gene function has resulted in a variety of mesoderm-associated phenotypes. Importantly, a feature often observed in such manipulations is a transformation in the identity of mesoderm compartments, suggesting a role for the Fox genes in regulating compartment identity (Supplemental data).
Our data demonstrate that a small cluster of Fox genes evolved prior to the radiation of crown bilaterians and has been at least partially maintained in several lineages, including amphioxus, vertebrates and the honeybee, for over 500 million years. Furthermore, regulation of endo-mesoderm development may be a potential selective constraint underlying Fox gene cluster maintenance. Thus, preservation of ancient gene clustering may be more widespread than previously recognised. The rapid discharge of stinging cells (nematocytes) in jellyfish, hydra, and other cnidarians is one of the fastest movements in the animal kingdom. After the triggering of exocytosis, a miniature cellular weapon, the nematocyst, is released and stylets punch a hole into the prey's integument. This step is so fast that conventional high-speed micro-cinematography fails to resolve its kinetics [1] . Here we use electronic framing-streak cameras and show kinetics of discharge to be as short as 700 ns creating an acceleration of up to 5,410,000 g. Our study identifies an ingenious solution combining vesicle exocytosis with a powerful molecular spring mechanism releasing energy stored in the mini-collagen polymer within nanoseconds. Figure 1A shows the discharge of a stenotele nematocyst, a giant exocytotic organelle. The nematocyst capsule has a wall consisting of small disulfide-linked collagen-like molecules, called mini-collagens [2] [3] [4] . It is filled with a matrix of charged γ-glutamate polymers and cations [5] generating a high internal pressure (15 MPa) that drives discharge [4, 5] . We mimicked the receptor potential triggering nematocyst discharge [6] by applying a short-step depolarization and analyzed discharge in >1200 instances with an electronic framing-streak camera (for details see Figure S1 in Supplemental Data). We resolved the ultra-fast phase of discharge by capturing an intermediate stage between the resting capsule and the fully ejected stylet at an exposure time of 200 ns and a framing rate of 1,430,000 fps ( Figure  1B ). Even at this rate we recorded sequences where this intermediate stage was lacking ( Figure S2) . Analysis of the discharge revealed
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